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[57] ABSTRACT

A corrosion inhibiting composition is provided. The com-
position comprises an intrinsically conductive polymer, e.g.
polyaniline or polypyrrole, blended in a binder material,
preferably a non-thermoplastic matrix, the blend being
capable of adhering to a metal surface to provide enhanced
corrosion resistance to the metal. The blend provides cor-
rosion resistance in a variety of corrosive environments such
as acidic, alkaline, and salt environments. A method for
protecting metal surfaces from corrosive attack by applying
the corrosion inhibiting composition is provided, as well as
two component corrosion inhibiting coatings, coOrrosion
inhibited thin films of metal adhered to an intrinsically
conducting polymer containing substrate, and corrosion
inhibited metal bilayers.

6 Claims, No Drawings
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CORROSION INHIBITING COMPOSITIONS

BACKGROUND OF THE INVENTION

(1) Field Of The Invention

The present invention generally relates to corrosion inhib-
1iting compositions, and more particularly to corrosion inhib-
iting coating compositions that employ blends of an intrin-
sically conducting polymer and an adhesive polymer.

(2) Description Of The Related Art

Corrosion 1s a problem associated with virtually all metal
objects that are exposed to the environment or subjected to
harsh environmental conditions. The effects of corrosion are
particularly noticeable in automobiles, ships, aircraft, heavy
machinery and bridges. Corrosion is also problematic in the
road construction industry, various industrial processes and
the medical 1ndustry.

Metal that s, exposed to harsh environmental conditions,
such as a high salt concentration or an acidic or basic
environment, 1s subject to the corrosive effects of the envi-
ronment which, after prolonged or extreme exposure, can
cause a breakdown of the metal and compromise its struc-
tural integrity. Various corrosion inhibiting compositions
have been developed to inhibit the effects of corrosion.
Conventional corrosion resistant compositions employ a
protective coating that is applied onto the exposed surfaces
of the metal object which serves to provide a barrier to
environmental attack. The protective coating is typically
composed of a synthetic resin or inorganic silicate polymer
which provides a continuous coating that will resist corro-
sive industrial or environmental conditions. Of course, it is
essential that the protective coating be capable of adhering
to the metal surface. Examples of corrosion inhibiting com-
positions include polymeric coatings, such as epoxies, acryl-
ics and lacquers, and conventional primers or paints. The
coating can comprise simply the polymeric composition or
it can 1nclude corrosion inhibiting compounds together with
the polymer to provide further corrosion resistance. Numer-
ous non-polymeric corrosion inhibiting compositions are
known and disclosed, for example, in U.S. Pat. No. 5,152,
929 which discloses novel thio(cyclo)alkanepolycarboxylic
acids containing heterocyclic substituents, U.S. Pat. No.
4,818,777 which discloses phenolic corrosion inhibitors for
coating materials, U.S. Pat. No. 5,098,938 which discloses
a multi-component coating composition, U.S. Pat. No.
5,021,489 which discloses a multi-component corrosion
inhibiting coating composition, and U.S. Pat. No. 5,183,842
which discloses corrosion resistant surface coatings.

'The application of a corrosion inhibiting coating onto a
metal object 1s, however, not a complete solution to corro-
sion because most coatings are subject to cracks, chips, or
scratches which expose the bare metal to the corrosive
environment. Even the existence of pinhole size disconti-
nuities in a coating can be problematic. It has been observed
that the effects of corrosion at discrete locations as a resuit
of a chip or a scratch can be particularly severe because the
cifects of the corrosive elements are concentrated at the
point of exposure. Accordingly, conventional corrosion
inhibiting compositions are not completely satisfactory in
providing corrosion resistance to metal objects.

Intrinsically conducting polymers (ICP), organic poly-
mers that have poly-conjugated m-electron systems, have
been proposed as potential corrosion inhibiting composi-
tions for metals. Such polymers have not heretofore been
considered suitable as protective coatings because of the
intractable nature of the intrinsically conducting polymers.
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That 1s, the class of ICPs lack the necessary properties, such
as adherence, processability and stability, to be acceptable
for use as a protective coating on a metal object. Others have
attempted to improve the processability of ICPs by blending
them with thermoplastic polymers, such as described in
European Patent Application No. 0 497 514 Al, or by
sulfonating the ICP as described in U.S. Pat. No. 5,109,070.
Recently, a report has also been published disclosing the use
of a layer of a functionalized ICP, neat polyaniline, over-
coated with an epoxy layer to protect steel from corrosion.
This report did not address the problem of the lack of
adherence properties of the intrinsically conducting polymer
and the performance of the coating composition disclosed is
inconclusive. Toc be commercially useful as a protective
coating, it 18 necessary that the ICP be able to adhere to a
metal surface while maintaining its corrosion inhibiting
properties.

Therefore, a substantial need exists for a means to utilize
ICPs in a coating composition for the prevention of corro-
sion of metal surfaces.

SUMMARY OF THE INVENTION

The present invention 1is, therefore, directed to novel
corrosion inhibiting compositions, corrosion inhibited metal
surfaces coated with the corrosion inhibiting compositions
and methods for providing corrosion resistance to metal
objects. In one significant aspect, the present invention
provides a coating composttion adapted for inhibiting cor-
rosion on a metal surface comprising an intrinsically con-
ducting polymer blended with a binder matenial, preferably
a non-thermoplastic matrix, capable of adhering to a metal
surface. In another aspect, a two component corrosion
inhibiting coating for a metal surface comprising a first layer
of an intrinsically conducting polymer blended with a binder
material that is capable of adherence to a metal surface and
a second layer of a polymeric resin applied over and
substantially covering the first layer. This two component
coating is capable of adhering to a metal surface and
providing corrosion protection to exposed areas of the metal
surface. Preferably, the first layer comprises intrinsically
conducting polymer in a non-thermoplastic matrix and the
second layer 1s different than the first layer. For instance, the
second layer can be devoid of intrinsically conducting
polymer or a thermoplastic matrix containing ICP.

The present invention 1s also directed to a corrosion
inhibited thin film of metal having an exposed surface where
the metal film 1s adhered to an intrinsically conducting
polymer-containing substrate.

The present invention 1s further directed to a corrosion
inhibited bilayer of exposed metal surfaces comprising an
interlayer of an intrinsically conducting polymer-containing
matrix presented between and adhered to the non-exposed
surfaces of the metal layers. |

The present invention 1s further directed to methods for
inhibiting corrosion on a metal surface or object by applying
a coating of a blend of an intrinsically conducting polymer
and a binder material, preferably a non-thermoplastic
matrix, the blend being capable of adhering to the metal
surface. The coating can be applied over the exposed sur-
faces of the metal object, as an underlaying substrate adher-
ing to the non-exposed surfaces of a thin film of a metal, or
as an interlayer between a pair of exposed metal surfaces.
The method may optionally include the application of a
topcoat of a binder material, preferably a polymeric resin,
substantially covering the blend coating layer.
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The present invention 1s also directed to the provision of
an electronic device, such as an electrocardiograph lead, or
conductive circuitry, coated with the blend of an intrinsically
conducting polymer and a binder material of the present
invention, the blend being capable of adherence to the metal
surface of the device while maintaining the electrical con-
ductivity thereof. A topcoat of a corrosive compound may
further be applied over the blend coating to provide a means
and a method for protecting a metal surface from corrosion
where the use of the metal surface requires a corrosive
topcoat for its operation.

Among the many advantages found to be achieved by the
present invention may be noted the provision of a corrosion
inhibiting composition that 1s capable of providing corrosion
protection even in the presence of gaps in the coating on the
metal surface or object; the provision of a coating compo-
sition utilizing a blend of an intrinsically conducting poly-
mer and a binder material that can be directly applied to a
metal surface and adequately adhere thereto and provide
corrosion 1nhibiting properties to the metal; the provision of
a corrosion inhibiting composition that can be applied as a
thin film over a metal surface to provide corrosion inhibiting
properties thereto; the provision of a corrosion inhibiting
composition that can be applied below a thin film of metal
and provide corrosion resistance to the exposed metal sur-
face; and the provision of a coating which is capable of
providing corrosion resistance under a variety of harsh
environmental conditions including exposure to a corrosive
salt concentration, an acidic environment, or an alkaline
environment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In accordance with the present invention, it has been
discovered that corrosion resistance can be provided to a
metal surface or object exposed to a corrosive environment
by applying a coating of a blend of an intrinsically conduct-
ing polymer and a binder material, preferably a non-ther-
moplastic matrix, the blend being capable of adherence to
the metal surface. Surprisingly, the corrosion inhibiting
properties of such a coating continues to be provided to the
metal surface or object even when a portion of the coating
has been removed from the metal surface such as by a
scratch or pinhole to expose bare metal. Conventional pro-
tective coatings -do not provide protection in areas where
there 1s no coating or where the coating has been damaged
to expose bare metal to the environment. The blend of an
intrinsically conducting polymer and a binder material
according to the present invention 1s capable of being
directly applied to a metal surface, by painting or the like,
and remaining sufficiently adhered thereto to provide cor-
rosion resistance. Thus, while intrinsically conducting poly-
mers have been suggested as a potential corrosion inhibiting
composition because of their intrinsic electrical properties, a
problem remained in the practical application of such com-
positions because of the intractable nature of the intrinsically
conducting polymers and their inability to sufficiently
adhere to a metal surface. A practical and useful composition
employing an intrinsically conducting polymer blended with
a binder material has now been discovered that overcomes
such problems. It has also been found, surprisingly, that the
blend of an intrinsically conducting polymer and a binder
material of the present invention maintains its ability to
provide corrosion resistance even in strongly alkaline envi-
ronments where it would have been suggested that the
intrinsically conducting polymer would become deproto-
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nated and would not be capable of providing any corrosion
inhibiting properties. This surprising discovery provides the
coating industry with a corrosion inhibiting composition that
can be used in almost any environment and eliminates the
need for different coatings for different environmental appli-
cations. Moreover, 1t has been discovered that an intrinsi-
cally conducting polymer is capable of providing corrosion
inhibiting properties to a thin film of metal deposited on a
substrate where a layer of an intrinsically conducting poly-
mer is provided below the thin film of metal and adhered to
the non-exposed surfaces of the thin film of metal or blended
with the substrate. The intrinsically conducting polymer
layer is applied to the substrate and the thin film of metal
deposited by conventional methods thereon. A layer of an
intrinsically conducting polymer can also be used as an
interlayer between a pair of metal surfaces to provide
corrosion protection thereto. Thus, the corrosion inhibiting
compositions of the present invention need not necessarily
cover. the metal surface desired to be protected in certain
situations, such as when a thin film of metal 1s being used.

The coating compositions of this invention have utility in
a wide variety of industries and applications including the
automobile, aircraft and shipping industry as a corrosion
inhibiting primers or surface coatings, the bridge and road
construction industry as a coating for exposed steel on
bridges or as a coating for rebar, the building construction
industry as a coating for structural steel, chemical and
industrial manufacturers as a coating for metallic machines,
vessels, chambers and the like, and the medical industry as
a protective coating for metal leads in electrocardiographs
and the like. The compositions are also useful for various
applications in the metallized textile industry.

Thus, corrosion inhibiting compositions and methods for
providing corrosion resistance to metal objects have been
discovered. It is believed that according to the invention,
virtually any intrinsically conducting polymer can be used.
As used herein, by “intrinsically conducting polymer” is
meant any polymer that is capable of conducting an elec-
trical current therethrough 1in at least one valence state of the
polymer. Generally, intrinsically conducting polymers are
organic polymers that have poly-conjugated m-electron sys-
tems. Examples of suitable intrinsically conducting poly-
mers for use in connection with the present invention
include polyaniline, polypyrrole, polythiophene, poly
(3-alkyl-thiophenes) such as poly (3-hexyl thiophene), poly
(3-methyl thiophene) and poly-(3-octyl thiophene), poly-
isothianapthene, poly-(3-thienylmethylacetate), polydi-
acetylene, polyacetylene, polyquinoline, polyheteroarylen-
vinyiene, in which the heteroarylene group can be
thiophene, furan or pyrrole, poly-(3-thienylethylacetate),
and the like, and derivatives, copolymers and mixtures
thereof. Some intrinsically conducting polymers exhibit the
electrically conductive property naturally while others must
be doped or charged to the proper valence state. ICPs
typically exist in various valence states and are reversibly
convertible into the various states by electrochemical reac-
tions. For example, polyaniline can exist in numerous
valence states such as a reduced state (leucoemeraldine), a
partially oxidized state (emeraldine) and a fully oxidized
state (pernigraniline). Polyaniline 1s most conductive in its
emeraldine form (+2 electrons). This partially oxidized state
of polyaniline can be formed by doping polyaniline with a
suitable dopant to increase the electrical conductivity of the
polymer. Examples of suitable dopants include tetracyano-
ethylene (TCNE), zinc nitrate, p-toluenesulfonic acid
(PTSA) or any suitable mineral or organic acid. It should be
understood that the intrinsically conducting polymer
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selected for use in connection with the present invention can
be provided in either a doped or an undoped form betore it
is blended with a binder material or before it is applied to a
metal surface or object. If applied in an undoped state, the
polymer must be doped or similarly treated to establish the
necessary and appropriate electrical conductivity of the ICP
so that it is capable of imparting 1ts corrosion resistance
properties to the metal surface or object. In a preferred
embodiment, the ICP is polyaniline, e.g. doped with p-tolu-
enesulfonic acid, polypyrrole or poly (3-methyl thiophene).

To impart suitable adherence properties to the composi-
tion of the present invention so that it 1s capable of adher-
ence to a metal surface or object, it has been discovered that
an intrinsically conducting polymer can be blended with a
binder material without adversely affecting the corrosion
inhibiting properties of the ICP. As previously described,
most ICPs, and polyaniline in particular, do not have accept-
able adherence properties to permit them to be used directly
as a coating on a metal surface. The ICPs tend to quickly and
easily delaminate from a metal surface to which they have

been applied and, therefore, tend to peel away from the
surface. The composition of the present invention 1s capable

of direct application to a metal surface or object and will
adhere sufficiently to the metal substrate such that it is not
removed in a standard adhesion test such as ASTM Test
D3359, which generally involves scribing an “X" or a
series of cross-hatches in the layer of coating to expose the
bare metal, applying adhesive tape to the scribed portion,
removing the adhesive and observing if any of the coating
layer is removed and comparing the amount of coating that

1s removed to a standard classification table for the adhesion
test as designated in ASTM Test #D3359, or other adhesion

test accepted by the coatings industry. Any binder material
capable of providing the necessary adherence properties to
the blend and capable of being blended with the intrinsically
conducting polymer can be used in connection with the

present invention.

The binder material may be any material which converts
to a dense, solid, adherent membrane on a metal surface and
preferably provides a non-thermoplastic matrix for the ICP
blended therein, e.g. dissolved or dispersed in separate or
continuous phases therein. The binder material may be an
inorganic compound such as a silicate, a zirconate, or a
titanate or an organic compound such as a polymeric resin.
Exemplary organic resins include shellac, drying oils, tung
oil, phenolic resins, alkyd resins, aminoplast resins, vinyl
alkyds, epoxy alkyds, silicone alkyds, uralkyds, epoxy res-
ins, coal tar epoxies, urethane resins, polyurethanes, unsat-
urated polyester resins, silicones, vinyl acetates, vinyl acryl-
ics, acrylic resins, phenolics, epoxy phenolics, vinyl resins,
polyimides, unsaturated olefin resins, fluorinated olefin res-
ins, cross-linkable styrenic resins, crosslinkable polyamide
resins, rubber precursor, elastomer precursor, 10N0Omers,
mixtures and derivatives thereof, and mixtures thereof with
crosslinking agents. In a preferred embodiment of the
present invention, the binder material is a cross-linkable
binder (a thermoset), such as the epoxy resins, polyure-
thanes, unsaturated polyesters, silicones, phenolic and epoxy
phenolic resins. Exemplary cross-linkable resins include
aliphatic amine-cured epoxies, polyamide epoxy, polyamine
adducts with epoxy, kerimine epoxy coatings, aromatic
amine-cured epoxies, silicone modified epoxy resins, €poxy
phenolic coatings, epoxy urethane coatings, coal tar epoxies,
oil-modified polyurethanes, moisture cured polyurethanes,
blocked urethanes, two component polyurethanes, aliphatic
isocyanate curing polyurethanes, polyvinyl acetals and the
like, ionomers, fluorinated olefin resins, mixtures of such

5

10

15

20

25

30

35

40

45

50

55

60

65

6

resins, aqueous basic or acidic dispersions of such resins, or
aqueous emulsions of such resins, and the like. Methods for
preparing these polymers are known or the polymeric mate-
rial is available commercially. Suitable binder materials are
described in “Corrosion Prevention by Protective Coatings™
by Charles G. Munger (National Association of Corrosion
Engineers 1984). It should be understood that various modi-
fications to the polymers can be made such as providing it
in the form of a copolymer. The binder can be aqueous based
or solvent based and can include other corrosion inhibiting

compositions such as those disclosed in U.S. Pat. No.
5,152,929, U.S. Pat. No. 4,818,777, U.S. Pat. No. 5,098,938,

and U.S. Pat. No. 5,183,842, the entirety of each being
incorporated herein by reference hereto.

The binder material can be prepared and subsequently
blended with the intrinsically conducting polymer or it can
be combined with the intrinsically conducting polymer and

treated or reacted as necessary. When a cross-linkable binder
is used, the binder may be heated, exposed to ultraviolet

light, or treated with the cross-linking component subse-
quent to the addition of the ICP or concurrently therewith. In
this manner it is possible to create a coating composition
where the intrinsically conducting polymer is cross-linked
with the cross-linkable binder.

Cross-linkable binders particularly suitable for this appli-
cation include the two component cross-linkable polyure-

- thane and epoxy systems as well as the polyvinylbutyral

system that is cross-linked by the addition of phosphoric
acid in butanol. Typical polyurethane coatings are made by
reacting an isocyanate with hydroxyl-containing compounds
such as water, mono- and diglycerides made by the alco-
holysis of drying oils, polyesters, polyethers, epoxy resins
and the like. Typical epoxy coatings are prepared by the
reaction of an amine with an epoxide, e.g., the reaction of
bisphenol A with epichlorohydrin to produce an epoxide that
is then reacted with the amine. A novel blending method
could, for example, involve polymerizing polyaniiine in a
host polymer matrix such as polyvinylbutyral in ethanol
followed by reacting the polyvinylbutyral/polyaniline mix-
ture with phosphoric acid in butanol. When epoxies or
polyurethanes are used as the host polymer matrix, a blend
of polyaniline and the base polymer could be formulated and
the cross-linking catalyst added just prior to the coating
application. In an alternate embodiment, the ICP is blended
with the cross-linking catalyst.

The metal surface or object to be coated with the corro-
sion inhibiting composition of the present invention can be
virtually any metal that is susceptible to corrosion. Thus,
virtually all metals and metal alloys can be used in conjunc-
tion with the present invention including silver, aluminum,
iron, nickel, copper, zinc, cobalt, lead, iron based alloys such
as steel, tantalum, titanium, zirconium, niobium, chromium,
and the like, and alloys thereof. As will be discussed in more
detail hereinafter, the metal surface or object may be pro-
vided in virtually any shape or form and includes thin films
of metal that have been deposited by sputter deposition or
similar methods on a non-metallic substrate.

In the preparation of a blend of an intrinsically conducting
polymer and a binder material, the components are blended
in a ratio that maintains the binder materials properties
relative to adherence to a metal surface while also main-
taining the electrical conductivity of the intrinsically con-
ducting polymer so that it is capable of providing its
corrosion resistant properties. Preferably, the amount of the
intrinsically conducting polymer in the blend is between
about 0.1% and 80%, by volume. More preferably, the
intrinsically conducting polymer comprises between about
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1% and 50%, by volume, of the resulting blend. It should be
understood that particular applications may require particu-
lar ratios of the intrinsically conducting polymer and the
binder 1n the resulting blend. The optimal relative propor-
tions of the components of the blend depend on the particu-
lar components being utilized, the substrate to be coated and
the specific technique employed for applying the coating to
the substrate. It should also be understood that the intrinsi-
cally conducting polymer can be provided “neat” or as a

dispersion in an appropriate solvent, typically an organic
solvent. In particular, the intrinsically conducting polymer
polyaniline can be dissolved in most organic solvents such
as 1-methyl-2-pyrrolidinone (NMP). The term “blend” as
used herein 1s meant to include blends of an intrinsically
conducting polymer and a binder material where there 1s no
chemical reaction between the two components as well as
combinations which involve a chemical reaction between
the intrinsically conducting polymer and the binder material.
In this regard, “blends” of intrinsically conductive polymers
and binder materials include combinations forming inter-
penetrating networks of an intrinsically conductive polymer
and a binder material, as well as emulsions and dispersions
of the two components. Furthermore, the ICP can be pro-
vided in a doped state or an undoped state and subsequently
doped to the desired electrically conductive state.

In one embodiment of the present invention, a two com-
ponent corrosion inhibiting coating for a metal surface 1s
provided wherein a metal object or surface is coated with a
first layer comprising a blend of an intrinsically conducting
polymer and a binder as hereinabove described. The blend is
applied by painting or spraying onto the metal surface or
object to provide a thin layer of the blend coating the metal
surface or object. Preferably, the coating is between about
0.1-5 mils in thickness, more preferably between about 1-2
mils. A topcoat comprising a layer of a binder material is
subsequently applied over and substantially covering the
first coating layer. The topcoat binder material may be the
same as the binder material used to produce the blend
formng the first coating layer or 1t may be a different binder.
Preferably, the topcoat comprises a conventional corrosion
inhibiting barrier composition such as an epoxy, an acrylic
or a lacquer or comprises a finish coat containing a pigment
to impart desirable aesthetic features to the object.

Intrinsically conducting polymers and blends thereof with
binder materials also find utility as a corrosion inhibitor as
an underlayer to an exposed metal surface even when
applied or adhered to the non-exposed surface of a metal.
This 1s particularly true with respect to thin films of metal
that are deposited onto a non-metallic substrate. In this
regard, the present method is applicable to any conventional
substrate including three-dimensional objects, plates, tex-
tiles and fibers. More particularly, non-metallic substrates
such as nylon, mylar, aramid fibers and other synthetic fibers
and textiles formed thereof are suitable for use in this
invention. The intrinsically conducting polymer or blend
thereof is applied as part of the catalyst/carrier polymer film
that 1s applied prior to the deposition of the metal layer. The
metal layer is typically deposited by the method of electro-
less deposition which generally is catalyzed by reduced
metal sites on the surface to be coated. A variety of tech-
niques for electroless deposition are known in the art, such

as those described in U.S. Pat. No. 4,910,072, the entirety of

which is incorporated herein by reference hereto, where the
carrier polymer 1s complexed with the catalytic compound
and the surface activated by heating. After the metal layer is
deposited onto the substrate impregnated with the catalyst/
carrier polymer/intrinsically conducting polymer or blend,
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the non-exposed surfaces of the metal layer are in intimate
contact with the metal film and it is believed that the
conducting polymer is capable of setting the metal to a
potential at which passivation occurs to inhibit corrosion. In
this application, the intrinsically conducting polymer can be
applied as a solution to the substrate or it can be applied as
a blend as hereinabove described. The coating composition
of the present invention may also be advantageously used to
provide corrosion resistance to articles coated with a cata-
lytic film prepared by thermally activating a catalytically
inert film formed from an aqueous solution of a polymer and
a Group 8 metal as disclosed in U.S. Pat. No. 5,082,734,

The intrninsically conducting polymer blend described
above can also be used as an interlayer between a pair of
metal surfaces to provide corrosion resistance to both of the
exposed metal surfaces. In this embodiment, the intrinsically
conducting polymer blend is “sandwiched” between a pair
of metal surfaces and functions to bind the two metal layers
together and 1t 1s believed that it also serves to set the metal
to a potential at which passivation occurs. This embodiment
has particularly utility in the aircraft industry where aircraft
bodies are typically formed of a plurality of thin metal sheets
bonded together. An intrinsicaily conducting polymer can be
incorporated into the adhesive used to bond the sheets
together (e.g. SKYBOND 3000) or a blend of an intrinsi-
cally conducting polymer with a suitable binder can be
prepared and utilized.

A blend of an electrically conducting polymer and a
binder as previously described can also be used to protect an
electrically conducting metal surface from corrosion without
shielding the electrically conducting properties of the metal
surface. For example, the metal leads of an electrocardio-
graph, which are routinely exposed to a high salt concen-
tration in the conducting gel used in connection with attach-
ing the leads to a patient, can be coated with a coating
composition of the present invention and remain capable of
conducting an electrical current, yet be protected from the
corrosive effects of the conducting gel.

The following examples describe preferred embodiments
of the invention. Other embodiments within the scope of the
claims herein will be apparent to one skilled in the art from
consideration of the specification or practice of the invention
as disclosed herein. It is intended that the specification,
together with the examples, be considered exemplary only,
with the scope and spirit of the invention being indicated by
the claims which follow the examples. In the examples that
follow, all percentages are given on a volume basis unless
otherwise indicated.

EXAMPLE 1

The following example illustrates the corrosion protection
provided by the two component coating composition of the
present invention in an acidic environment.

- C1018 steel coupons were sand blasted, degreased in a
chloroform ultrasonic bath, and brush coated with a disper-
sion of polyaniline and poly(butylmethacrylate) in -butyro-
lactone obtained from Americhem Inc. and designated
34820-W3. The coupons were allowed to air dry for three
hours followed by heating at 60° C. for one hour in an air
convection oven. An epoxy topcoat obtained from Carboline
Co. (Carboline 890) was then applied according to the
manufacturer’s instructions. This coating was air dried fol-
lowed by drying at 60° C. for 12 hours. The coupons were
touched up with additional epoxy and dried for an additional
24 hours at 60° C. A 1 cmxl cm “+” was then scribed
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through the coating to expose bare r
scratch.

Coupons to which the two component coating composi-
tion had been applied and control coupons containing only
a coating of the Carboline 890 epoxy or the Americhem Inc.
polyaniline dispersion or no coating at all were immersed in
an acrated 0.1IM HC1 (pH 1.06) bath at 35° C. for two
weeks. At the end of the two week period, the coupons
containing the two component coating composition exhib-
ited no corrosion or coating disbondment from the coupon.
The control coupons, on the other hand, exhibited various
stages of corrosion. The coupon coated only with the epoxy
coating exhibited delamination of the coating with underly-
ing General corrosion. The polyaniline coated coupon
exhibited blistering of the coating and corrosion beneath the
blister as well as other areas of corrosion and non-umform
protection. The uncoated coupon exhibited massive General
corrosion throughout the coupon.

EXAMPLE 2

This example illustrates the corrosion inhibiting proper-
ties of the two component coating composition of this
invention in high salt environments.

C1018 steel coupons were prepared as in Example 1 and
were immersed for two weeks in an aerated 3.5% NaCl bath
(pH 5.33) at 35° C. The polyaniline/epoxy coated coupon

etal to simulate a
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exhibited some minor corrosion -and delamination at the site

of the scratch, but was overall protected from corrosion. The
epoxy coated coupons exhibited a blistered coating and
corrosion at the site of the scratch with coating delamination
at the scratch. The polyaniling coated coupon exhibited
blistering of the coating with corrosion beneath the blister.
The uncoated coupon again exhibited massive General cor-
ros10n.

EXAMPLE 3

This example illustrates the corrosion inhibiting proper-
ties of the two component coating of the present invention
in a strongly alkaline environment.

C1018 steel coupons were prepared as described in
Example 1 and immersed for two weeks in a 3.5% NaCl/
0.1% NaOH bath (Ph 12.38) at 35° C. The epoxy/polyaniline
coated coupon exhibited no corrosion or corrosive attack.
The epoxy coated coupon exhibited blistering with corrosion
under the blisters and coating delamination along the scratch
as well as pitting near the scratch. The polyaniline coated
coupon exhibited blistering of the coating with corrosion
beneath the blister. The uncoated coupon exhibited a large
pit caused by local corrosion in addition to other local

COITOS10N.

EXAMPLE 4

This example illustrates the application of an intrinsically
conducting polymer as an underlayer to a thin metal film to
provide corrosion inhibiting properties thereto.

Nafion 117 was hydrated by boiling 30 minutes in dis-
tilled water. A number of small strips were cut from the sheet

and soaked in a 10% aqueous ferric chloride solution. The
treated sheets were rinsed with distilled water and allowed

to air dry. Several of these sheets were then placed in a glass
developing Jar containing pyrrole. The Nafion-Fe** film
instantly turned from yellow to blue to black, indicating the
formation of polypyrrole. The polypyrrole impregnated
Nafion sheets were then rinsed with distilled water and air
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dried at room temperature. A number of the polypyrrole
sheets were then soaked for a few minutes in a solution of
palladium acetate (0.6 grams 1n 10 ml acetone +2 ml water).
This step incorporates the Pd** into the Nafion by ion
exchange. A conventional copper electroless deposition bath
was then used to electrolessly plate copper onto the samples.

Three samples were then analyzed. Sample 1 comprised

-Nafion impregnated with polypyrrole with a Pd catalyst and

a thin film of copper deposited on the surface of the sheet.
This Sample provided a very rapid, bright copper fil
formation. Sample 2 comprised Nafion impregnated with
polypyrrole and a thin film of copper deposited on the
surface of the sheet. This Sample exhibited a slow forming,
non-uniform copper coating. Sample 3 comprised a Nafion
sheet with the Pd catalyst and a film of copper deposited on
the surface of the sheet. This Sample exhibited rapid copper
film formation, but the fiim was not as uniform as the film
formed in Sample 1.

All three Samples were exposed to the air for 24 hours.
Sample 1 maintained its brightness, whereas Sample 3
became dull in appearance. This illustrates the ability of the
intrinsically conducting polymer to function as a corrosion
inhibiting composition even when applied as an underlayer
to a metal surface. |

EXAMPLE 5

This example illustrates the use of an intrnnsically con-
ducting polymer blended with a binder material as a corro-
sion 1nhibifing coating on an automobile.

In Nov. of 1992, a blend of p-toluenesulfonic acid doped
polyaniline (from Versicon) dispersed in Carboline 890
epoxy was applied to the exterior surface of a portion of a
pick-up truck where the paint had been removed exposing
bare metal. The blend was allowed to dry briefly and a
portion of the blend coating was then overcoated with an
epoxy topcoat (Carboline 890). A scratch was scribed into
the coating after it had been aliowed to dry. The truck has
been used regularly since the date of the application in all
temperatures and environmental conditions and no corrosion
has been inifiated in this portion of the truck.

EXAMPLE 6

This example illustrates the compatibility of a doped
polyaniline with various binder materials.

4.0 gm of CarboZinc 11 Base (an tnorganic silicate base
manufactured by Carboline) was mixed with 1.0 gm of
Versicon (Allied Signal Co.) polyaniline. 1.2 gm of thinner
was added (Carboline #26) and an additional gram of
solvent was added to obtain a consistency suitable for
coating.

Two carbon steel coupons were dip coated and air dried
at ambient temperature and were then air dried overnight 1n
an air convection oven. Two microscope slides were also
coated with the mixture and air dried 1n a similar manner.
The resistance of the coating on the microscope siide was
measured and determined to be 4.0K€Y/

4,95 ¢gm of a PVB/g-butyrolactone solution was mixed
with 8.61 gm of Americhem W5 polyaniline solution. A
viscous solution resulted which was diluted with 6.8 gm of
g-butyrolactone. A film was cast on a microscope slide using
a stirring rod and, after drying overnight, the resistance of
the coating on the slide was measured to be 92-93€2/1. A
polyaniline film alone yielded a resistance of 22-23 K€/[.
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2.85 gm of polyurethane (Minwax Company, Inc.
Montvale, N.J.) was mixed with 40 mg of Versicon (pur-
chased from the Allied Signal Co.) polyaniline doped with
PTSA. The polyaniline dispersed into the polyurethane and
remained green (its protonated state). The material was
coated onto a microscope slide using a stirring rod and
coated onto one side of a steel coupon and allowed to dry
overnight. A clear polyurethane coating formed over the
steel coupon.

13.21 gm of Americhem W3 polyaniline was blended
with 5.13 gm of G.E. Silicone 994 Varnish. The polyaniline
remained in its protonated state as evidenced by its green
color after blending. A small amount of the blend was spread
on a microscope slide with a stirring rod to form a film which
had a measured resistance of 39.125KCY/[]. After overnight
drying, a flexible film developed with little or no adhesion
to the glass slide. The same solution was coated onto a steel
coupon and a smooth green coating was obtained after air
drying that adhered to the steel.

In view of the above, it will be seen that the several
advantages of the invention are achieved and other advan-
tageous results attained.

As various changes could be made in the above methods
and compositions without departing from the scope of the
invention, it is intended that all matter contained in the
above description shall be interpreted as illustrative and not
in a limiting sense.

What 1s claimed 1is:

1. A method for inhibiting corrosion on a corrodible metal
surface in an alkaline environment, said method comprising:

applying a first coating on said metal surface, the coating
comprising a composition adapted for inhibiting cor-
rosion on a metal surface, the composition comprising
an intrinsically conducting polyaniline blended in a
matrix comprising an inorganic silicate or an organic
resin capable of adhering to said metal surface; and
applying a second coating over the first coating wherein
said second coating consists essentially of an inorganic
silicate or an organic resin.
2. A method according to claim 1 wherein said corrodible
metal surface is iron, steel, copper, aluminum, nickel, zinc,
cobalt, lead, chromium, tantalum, titanium, zirconium, sil-
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ver, niobium or an alloy thereof; and wherein said organic
resin is selected from the group consisting of shellac,
phenolic resins, alkyd resins, aminoplast resins, €poxy res-
ins, urethane, resins, acrylic resins, unsaturated polyester
resins, vinyl resins, silicones, polyimides, unsaturated olefin
resins, fluorinated olefin resins, crosslinkable styrenic
regins, crosslinkable polyamide resins, rubber, elastomer,
ionomers, mixtures thereof and mixtures thereof with
crosslinking agents.
3. A method according to claim 2 wherein said corrodible
surface is iron, steel, copper, aluminum, nickel, zinc, cobalt,
lead, chromium, tantalum, titanium, zirconium, silver, nio-
bium or an alloy thereof.
4. A method for inhibiting corrosion on a corrodible metal
surface in an alkaline and salt environment, said method
comprising:
applying a first coating on said metal surface, the coating
comprising a composition adapted for inhibiting cor-
rosion on a metal surface, the composition comprising
an intrinsically conducting polyaniline blended in a
matrix comprising an inorganic silicate or an organic
resin capable of adhering to said metal surface; and

applying a second coating over the first coating wherein
said second coating consists essentially of an inorganic
silicate or an organic resin.

5. A method according to claim 4 wherein said corrodible
metal surface is iron, steel, copper, aluminum, nickel, zinc,
cobalt, lead, chromium, tantalum, titanium, zirconium, Sil-
ver, niobium or an alloy thereof; and wherein said organic
resin is selected from the group consisting of shellac,
phenolic resins, alkyd resins, aminoplast resins, epoxy res-
ins, urethane resins, acrylic resins, unsaturated polyester
resins, vinyl resins, silicones, polyimides, unsaturated olefin
resins, fluorinated olefin resins, crosslinkable styrenic resins,
crosslinkable polyamide resins, rubber, elastomer, ionomers,
mixtures thereof and mixtures thereof with crosslinking
agents.

6. A method according to claim 5 wherein said corrodible
surface is iron, steel, copper, aluminum, nickel, zinc, cobalt,
lead, chromium, tantalum, titanium, zirconium, silver, nio-

bium or an alloy thereof.
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